["4C]-naphthalene degraders indicated that only the plate count was sensitive to increased numbers of oil sand-related hydrocarbon-oxidizing microorganisms within the oil sands deposit. Unlike the most probable number determinations of
[14C]hexadecane and ["4C]naphthalene degraders, however, the biodegradation potential results of these substrates indicated a significant increase in activity at oil sands sites. These biodegradation potentials also showed a marked seasonal fluctuation. Although the biodegradation potentials and the endogenous hydrocarbon plate counts indicated an oil sand-adapted mixed sediment population, the results of these techniques did not correlate well with the concentrations of bituminous hydrocarbons in the sediments. The results suggest that a general capability for hydrocarbon oxidation exists in the Athabasca River system and that this capability is enhanced within the natural bounds of the Athabasca oil sands.
The Athabasca oil sands is a deposit of hydrocarbon and related sulfur-, oxygen-, and nitrogen-containing compounds in northeastern Alberta (13) . A distinguishing feature of the deposit is that the oil sands are exposed to the atmosphere and flowing water over a considerable area, with 2,000 km2 having a mean depth of overburden of less than 46 m. A major river, the Athabasca, cuts through the deposit for a distance of 250 km, and the tributaries of this river extensively erode oil-bearing sands (3) .
These hydrocarbons, in an aerobic environment, represent possible carbon and energy sources for the heterotrophic growth of microorganisms on a substrate with a potential caloric yield in excess of that for other natural organics (4) . Factors which make these materials less than ideal for microbial growth include their virtual insolubility in the aqueous environment and their structural heterogeneity (15) . The low ambient temperatures of rivers receiving eroded bituminous sands and the occurrence of other organics in the water column (8) and sediments (16) may also influence microbial degradation of oil sand-related hydrocarbons.
The Athabasca tars closely resemble the residue found after microbial degradation of conventional crude oils (14) . The bulk of the material making up the benzene-soluble fraction of the oil sands is in the form of complex cyclic and branched aliphatic compounds, as well as aromatic hydrocarbons and heteroatom-containing structures of high molecular weights. The acycic and straight-chain paraffin compounds are present in very low concentrations (15) . Together, these factors suggest that Athabasca bitumen should be subject to very little biological oxidation.
Unlike most hydrocarbon-exposed ecosystems, however, the adaptation times for microorganisms in the sediments of the Athabasca River and its tributaries can likely be measured in the thousands of years. Sediments of the Athabasca River act as a sink for oil sand-related hydrocarbons (16) , and for this reason, they represent the most obvious aquatic habitat for a mixed, hydrocarbon-adapted community. Het (2) . Biodegradation potential and MPN data were transformed logarithmically (2, 6) . Heterotrophic potential data were not transformed. Ratios of variances were homogeneous, and t tests were applied for group means (control and oil sands sites) and for seasonal means (August and December samples).
RESULTS
Direct counts and glutamate heterotrophic potentials. Fig. 2 . Bacteria on the filter surface may have arisen due to the shearing effect of filtration and dehydration during the preparation of the samples. These photomicrographs resemble scanning electron micrographs of colonized natural oil sands (unpublished data). The mean MPN for hexadecane mineralizing sediment microorganisms at all sites in August and December was 7.5 ± 5.7 x 105 microorganisms ml-'. There was no significant site-specific or seasonal change in these numbers. The mean MPN of naphthalene-mineralizing microorganisms at all sites in August was 1.0 + 0.9 x 105 microorganisms ml-', and there was no increase at oil sands sites. There was, however, a decrease in the naphthalene MPN in December amounting to a 13-fold decline in numbers (to 7.4 9.0 x 103 microorganisms ml-').
Hydrocarbon biodegradation potentials. (18) . Thin-layer chromatography of solvent extracts of the cell pellet indicated that approximately 9% of the hexadecane biodegradation products and 0.4% of the naphthalene products were low-molecular-weight, trichloroacetic acidinsoluble metabolites with mobilities of 0.1 to 0.2 on thin-layer chromatograms with the solvent system described above. These probably represent phospholipids or other polar lipids (12) . Because accumulation of these metabolites was small in relation to the total biodegradation, this fraction and the trichloroacetic acid fraction were not routinely counted and do not appear in the biodegradation potentials listed in Table 2 .
Volatility of the substrates, especially naphthalene, at in situ incubation temperatures in August was a concern. Counting of an uninoculated series after 12 In conclusion, the rivers of the Athabasca oil sands area of northern Alberta support an active, hydrocarbon-oxidizing sediment mixed population. Although the absolute numbers of ["C]-hexadecane and ['4C]naphthalene degraders and heterotrophic potentials of microorganisms do not increase within the oil sands, the potential rates of biodegradation of these hydrocarbons and the number of microorganisms capable of growth on oil sand-related hydrocarbons increase significantly. This implies that, given suitable aerobic conditions and nutrients, heavy bituminous hydrocarbons can support an active hydrocarbon-oxidizing community and are therefore potentially available as substrates in the sediments of rivers within the oil sands formation. Whether in fact oil sand-related hydrocarbons are utilized by sediment microorganisms and colonized in situ is the subject of the accompanying report (22) .
